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1 Summary
The present technical report describes the basic conceptual models in the study areas of
Greece in order to gain an initial understanding of the nature of groundwater flow and
geochemical system by gathering information on geology, hydrology, hydrogeology and
climate. This includes the delineation of the groundwater body boundaries and their
water recharge characteristics. As the conceptual model is dynamic, evolving with time
the initial basic model will be refined and improved during further characterisation of
the studied water bodies. Methodologically, the task has been guided by relevant
documents on WFD implementation (WFDCIS, 2002a) while the use of a GIS facilitated
the process. The output of this task forms the basis for the georeferenced spatial
database that will keep being updated as the project progresses.
The case studies of Greece are located in Central Euboea (Psachna, Politika, Triada), in
Assopos basin (Thiva and Oinofyta) and in Northeast Peloponnese (Loutraki and
Schinos). Ophiolitic rock exposures are a common characteristic of the case study areas,
where only in the industrial area of Oinofyta there is a clear contribution of
anthropogenic CrVI in water. Weathering and erosion of serpentinized ultramafic rocks
are possibly the main responsible processes for the mobility of Cr from the bedrock to
sediments, soils and aquifers. Cr-rich spinel, chromite and Cr-magnetite are common
primary mineral sources of Cr(III) which are found in ultramafic rocks. According to
several studies, the oxidation of Cr(III) into Cr(VI) is catalyzed by the presence of
Mn(III/IV) oxides. However, the exact pathway of Cr release and oxidation seem to be
strongly dependent on the geological background of the specific area, as well as on the
prevailing hydrogeological conditions, which may influence its concentration. This
report presents a simplified representation of how the real system is believed to behave
in each study area based on the knowledge of its natural characteristics (e.g. the aquifer
type, three-dimensional structure, dynamics and boundary conditions), perceived
pressures and knowledge of impacts.
For the preparation of the report the following members of the CrITERIA project team
have been involved:
Dr. Ariadne Argyraki, Associate Professor of Geochemistry NKUA
Dr. Maria Hatzaki, Assistant Professor of Climatology, NKUA
Ms. Konstantina Pyrgaki, Geologist, Env. Chemistry MSc, NKUA
Ms. Electra Karasante, Graduate student in Geology and Geoenvironment, NKUA
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2 The Greek case studies within the context of CrITERIA
CrITERIA aims at producing an optimization tool including documentation and a
database to assist water resource management organizations and water users on
decision making when coping with water scarcity, climate change and polluted water.
Pollution by Cr(VI) will be used as an example of additional water pressure problem that
has to be tackled through integrated water resource management. Ηuman activities
were considered the only source of Cr(VI) contamination in natural waters due to its
wide range of industrial uses in electroplating, leather tanning, wood preservation and
as an anti-corrosive in cooling tower water (Nriagu and Niebor, 1988). However, latest
research has shown that relatively high concentrations of Cr(VI) that approach or exceed
the upper limit of Cr according to European Water Framework Directive and WHO
recommended value can also be attributed to natural processes. These are related to
the weathering of minerals of specific rock types found in ophiolite sequences, i.e.
remnants of ancient oceanic crust (Fig. 1).

Fig. 1: Case studies of CrITERIA Project and spread of ophiolite exposures.

The geology of Greece is complex, comprising several tectonic units emplaced during
the Alpine orogenetic cycle (Fig. 2). The westernmost tectonic unit comprises the socalled external zones of the Hellenides; their eastern boundary is their contact with the
western Hellenic ophiolite belt. The eastern boundary of this ophiolitic belt lies along
the western margin of the Pelagonian zone. The Pelagonian zone extends to the western
limit of the eastern Hellenic ophiolite belt. The Serbo-Macedonian zone, crops out east
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of this belt. Thus from SW to NE the five units that are traversed are: the external zones;
the western Hellenic ophiolite belt; the Pelagonian zone, the eastern Hellenic ophiolite
belt and the Serbo-Macedonian zone (Rassios et al. 2009). Mesozoic rocks of the
external zones make up a series of carbonate platforms and pelagic troughs above a
metamorphosed continental basement. The Pindos zone, the innermost external zone,
is a former pelagic basin, deformed into a stack of imbricate thrusts in the Tertiary, and
tectonically emplaced above other units of the external zones. In turn, the Pindos zone
is itself overthrust by a detachment of the western Hellenic ophiolites in the Eocene.
The basement of the Pelagonian and Serbo-Macedonian zones is made of metamorphic
and igneous rocks that include Precambrian and early Paleozoic terranes welded during
Hercynian collision. All the Hellenic ophiolites, western and eastern belts, are regarded
as slices of fossil oceanic lithosphere (here including back-arc basins) emplaced at
Jurassic convergent plate margins consisting of adjacent continental margins or island
arcs. Dating shows their crystallization to be Middle Jurassic in age.

Fig. 2: Simplified geotectonic map of the Hellenides, showing the distribution of
ophiolite exposures (Rassios et al. 2009).

Hexavalent chromium contamination in groundwater has been reported at several areas
of Greece (Fig.3). Elevated concentrations of CrVI in groundwater have been attributed
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to natural processes within ophiolite related aquifers (Kazakis et al., 2015; Dermatas et
al., 2015), to anthropogenic activities in industrial zones such as the notorious case of
the Oinofyta-Assopos groundwater contamination (Panagiotakis et al., 2015) and
probably to a combination of both, such as the ultramafic rock rich area of central
Euboea which is also characterized by intensive agriculture (Economou et al., 2017;
Megremi et al., 2013).

Fig.3: CrVI concentrations in Tap Water of Greece (Kaprara et al.,2015)

Weathering and erosion of serpentinized ultramafic rocks are possibly the main
responsible processes for the mobility of Cr from the bedrock to sediments, soils and
aquifers. Cr-rich spinel, chromite and Cr-magnetite are common primary mineral
sources of Cr(III) which are found in ultramafic rocks. According to several studies, the
oxidation of Cr(III) into Cr(VI) is catalyzed by the presence of Mn(III/IV) oxides because
the latter are potentially able to rapidly oxidize Cr(III) into Cr(VI) due to its high redox
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potential and high specific surface area (Fendorf and Zazoski, 1992; Oze et al., 2007)
(Fig.4). However, the exact pathway of Cr release and oxidation seem to be strongly
dependent on the geological background of the specific area, as well as on the prevailing
hydrogeological conditions, which may influence its concentration (Kazakis et al., 2017).

Fig.4: Main Oxidation Mechanism of Cr(III) into Cr(VI) according to literature (Kaprara
et al., 2015)

3 The Conceptual Model Approach
The EU Groundwater Directive (GWD, Directive 2006/118/EC) and the related guidance
documents state that conceptual models must be used during the implementation of
the Water Framework Directive (Directive 2000/60/EC). A conceptual model is defined
as a simplified representation of how the real system is believed to behave based on the
knowledge of its natural characteristics (e.g. the aquifer type, three-dimensional
structure, dynamics and boundary conditions), perceived pressures and knowledge of
impacts (Fig.5). Conceptual models are useful tools because they lead to definition of
strategy for detailed investigation of components required which will be done by
classical methods of geology, hydrogeology and hydrochemistry.
Particularly, in the CrITERIA project we will attempt to find which components are
responsible for CrVI as an additional pressure in groundwater of the studied areas.
Additionally, conceptual models due to their simplicity can be valuable aid in
streamlining the communication between different stakeholder groups and disciplines
(interested parties, including scientists, area managers and policy makers) each of
whom has their own means of communication and their own jargon. Thus, conceptual
models are necessary for the implementation of management strategies. At this point, it
is important to state that as the amount of confidence in the available environmental
information increases, the accuracy and complexity of the model improves.
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The present document has been developed to present an initial characterization of the
studied water bodies in Greece within the framework of WP1 Conceptualisation and
characterisation of the studied water bodies of CrITERIA project. The conceptual models
for each case study were developed by taking account existing information (geological
maps, hydrogeological studies etc.) on the respective geological, geochemical and
hydrogeological background for each case study and by producing thematic maps with
the use of ArcGIS software. In particular, as the type of aquifer seems to play a major
role in CrVI occurrence in groundwater (Kaprara et al., 2015) simplified hydrogeological
conceptual models were constructed.

Fig.5: Conceptual model approach (WFD Guidance on Groundwater Monitoring No 15)

According to the literature, the main simplified conceptual approach of geogenic Cr
enrichment in groundwater is shown in Fig.6 . Elevated concentrations are found mainly
in porous aquifers where Cr enrichment takes place during water interaction with Cr rich
grains (Fig.6a). However, increased concentrations have been also measured in
ophiolitic fractured aquifers (Fantoni et al, 2002; Kazakis et al., 2015) where the porosity
is secondary.
8

Fig.6: Main conceptual approach of geogenic Cr enrichment in Greek aquifers
(Kaprara et al.,2015).

3.1 Greek Case Studies and WFD/2006/118/EC
The case studies of Greece are located in Central Euboea (Psachna, Politika, Triada), in
Assopos basin (Thiva and Oinofyta) and in Northeast Peloponnese (Loutraki and
Schinos). Ophiolitic rock exposures are a common characteristic of the case study areas
(Fig. 7a). The sampling locations that are being monitored during the first two years of
the project are shown on Google Earth background in Fig. 7b. Water body boundaries as
delineated by the WFD National Groundwater Management Plans (NGMP) are resented
in Fig. 8.
The Loutraki aquifer according to WFD NGMP is a porous groundwater body
(EL0600010), covering an area of 41km2 (Fig.8). The groundwater body of Loutraki is a
protected area of drinking water and is characterized by a good qualitative and
quantitative status. The main pressures posed to the groundwater body of Loutraki are
diffused such as nitrification due to small scale agriculture and due to uncontrolled
livestock (sheepfolds). Sea water intrusion due to over pumping is another identified
pressure along the coastal zone. Groundwater abstractions are mainly for drinking
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water supply and secondary for irrigation and industrial purposes (water-bottling
plants).
a)

Central Euboea

Loutraki & Schinos

Thiva & Oinofyta(Assopos)

b)

Fig.7: a) Greek case studies of CrITERIA project on map of Karpara et al. (2015)
showing ophiolite exposures. b) Water sampling locations of CrITERIA on Google Earth
background.
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Schinos case study belongs to the groundwater body of West Geraneia Mountains
(EL0600020) which covers a total area of 112km2 (Fig.8). Both quantitative and
qualitative status is good. The main pressures posed to the aquifer are diffused such as
nitrification due to the presence of domestic sinks and small scale agriculture while sea
water intrusion also occurs due to over pumping. Groundwater abstractions are mainly
for domestic irrigation purposes as almost each residence has its own well or borehole.
During the summer, water demand increases and the aquifer is exploited for the supply
of drinking water network.
Τhe case studies of Thiva basin and Oinofyta belong to Assopos river basin which covers
an area of 1.36 km2. Both study areas belong to the porous groundwater body of ThivaAssopos-Schimatari covering an area of 772 km2 (Fig.8). The quantitative status is good
in contrast to the qualitative status which is poor. The main pressures posed to
groundwater quality are nitrification due to intense agriculture and heavy metal
contamination due to industrial waste disposal. For this reason, two focusing areas are
selected in CrITERIA project in order to compare CrVI occurrence in the Thiva basin
where agriculture is intense and the industrial area of Oinofyta where anthropogenic
CrVI contamination has been verified (Dokou et al, 2016). Finally, the case study of
Central Euboea belongs to the porous groundwater body of Psachna-Politika
(EL0700300) and covers an area of 383km2 (Fig.8). The quantitative status is good but
the qualitative status is poor because of nitrification and heavy metal contamination.
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Fig.8: Groundwater body boundaries in the study areas according to WFD.

4 Case study description and conceptualization
4.1 Loutraki & Schinos Case Studies
4.1.1 Area background information
The study area of Loutraki lies within a drainage basin, located at the southeast part of
Corinthian Gulf in Northeast Peloponnese (Fig.9) and covers an area of approximately
53.27 km2. The maximum elevation is 1368 m a.s.l. while the mean elevation is
approximately 470 m a.s.l. The climate is temperate with a dry summer and a mean
annual temperature of 18.2oC. The mean annual rain height ranges between 420mm at
low altitudes (~65m) and 800mm at higher altitudes (~1350m). The wider region of the
eastern Corinthian Gulf is tectonically active (Moretti et al, 2003) with normal faults of
NW-SE and E-W directions. This is depicted at the geomorphology of the northern part
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of the basin with 50% of slopes to be greater of 20 degrees. The water network is
dendritic having two main streams.
Loutraki basin lacks any heavy industry activity, however, there are some potential
pollution point sources such as the presence of pastures and sinks of organic waste that
belong to old housing. The water demand (mainly for drinking and secondary for
irrigation purposes) of Loutraki is covered in supply by the alluvial unconfined aquifer
located at the southern part of the basin. However, during the summer the water
demand increases as Loutraki is a popular tourist resort and this causes additional
pressure on the aquifer. The metallic aquifer of Loutraki has been exploited by several
water bottling companies because of its high Mg content which is possibly beneficial for
human health (Sengupta, 2013). For a long time in the past the bottled water industry
was a major commercial activity contributing to the local economy.
Τhe area of Schinos is located in the northeastern part of Perachora peninsula and is
surrounded by the Alkyonides Gulf. The drainage basin of Schinos covers approximately
an area of 22.4 km2. Water network is highly influenced by active tectonics and is
characterized by streams cutting through steep slopes. The main pressures posed to
groundwater are due to urban development (over pumping and contamination by
sewage effluents) as Schinos village is a summer resort. The main use of groundwater is
for small scale irrigation of allotments.
4.1.2 Geological setting
The geological formations of the study area can be distinguished into four main groups
i) carbonate rocks (limestone) which cover an exposed area of approximately 11.8 km2 ,
ii) ophiolitic rocks (peridotite and serpentinite) with an exposed area of 20.4 km2 , iii)
Neogene carbonate clay formations (marl) which cover an area of 1.1km2, and iv)
Quaternary conglomerate and alluvial deposits with an area of approximately 16 km2
(Bornovas et al.,1969) (Fig. 10). Ultramafic rocks of Geraneia Mountains cover an area of
50km2, consisting mainly of serpentinized lherzolite. Ophiolites are tectonically
obducted on the Boeotian zone which consists of flysch, schist-chert formation and
Jurassic limestone. The alteration degree of peridotite is higher along the obduction
zone. The main lithologies are spinel lherzolite with local occurrences of dunite and
gabbro. The ophiolites are fractured and veins of magnesite and iron oxides are
common.
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Fig.9 : Loutraki and Schinos case study areas with water sampling locations.
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Loutraki

Katounistra

Fig.10 Geological map of Loutraki Case Study with the sampling stations of wet season
2017

Schinos

Fig.11 Geological map of Schinos Case Study with the sampling stations of wet season
2017
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According to the geological map of Bornovas et al. (1979) the main geological
formations in Schinos basin are: 1)upper Triassic- lower Jurassic limestone which is
heavily fractured and fissured due to alpine and post-alpine tectonic movements, 2)
Boeotian Flysch consisting of rhythmic series of sandstone, clastic limestone and chert,
3) ultramafic rocks (serpentinite and peridotite), and 4) the schist-chert formation at the
base of ophiolite mélange which consists of radiolarites containing thin Mn-layers and
reddish or grey limestone with chert (Fig. 11). The wider region of Pissia-Schinos is
tectonically active with active normal faults of NW-SE and E-W directions and this is
depicted at the geomorphology of the whole area with abrupt alternation of slopes. The
upper post-alpine formations are alluvial deposits and talus cones with a maximum
thickness of 50m.
4.1.3 Hydrogeological setting
The geological formations have been classified according to their type of porosity and
were grouped into three main categories: (i) karstic aquifer, (ii) porous aquifers and iii)
fractured ophiolitic aquifer. As it is shown in the hydrolithological map (Fig.12), porous
aquifers are located in the lowlands of the basin and are developed in Quaternary and
Neogene formations while karstic and ophiolitic aquifers are located at the northeastern
part of the basin. The porous aquifers are further divided into confined (Katounistra
area) and unconfined aquifers (Loutraki area).

Fig.12 : Hydrolithological map of Loutraki case study area with sampling locations of
the first sampling survey.
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Fig. 13: Simplified hydrogeological conceptual model of Loutraki unconfined aquifer.

The unconfined aquifer from which Loutraki town covers its water needs develops in the
Quaternary alluvial deposits of a trench filled with weathered ophiolite material (Fig 13).
The host material of the saturated and unsaturated zones consists mainly of
conglomerate, gravel and sand with local lenses of clay and silt. The thickness of the
unsaturated zone increases gradually from the southwest to northeast of the aquifer
and ranges from zero to 125m while the maximum thickness of the saturated zone is
approximately 210m (Kounis, 2003). According to existing hydrogeological studies, the
maximum water elevation is of about 50 m. This is in agreement with the piezometric
map (Fig.14) based on water level measurements of the wet season of 2017. The
respective map is only indicative of water level elevation of the unconfined porous
aquifer because it includes measurements taken under pumping conditions. The
maximum water elevation is 35m while it becomes negative at areas where bores are
pumped. Τhe alluvial aquifer covers an area of 7.45km2 with a maximum water level
depth of 150m. The groundwater flow has a direction from northeast to southwest with
a mean hydraulic gradient of 2.5%. Hydraulic conductivity ranges from 2×10 -4 to 5.2×105
m/s and the transmissivity from 1.6×10-2 to 4.3×10-3m2/s (Voudouris and Stamatis,
2002).
The main recharge mechanisms in the unconfined porous aquifer are the direct
infiltration of precipitation water, the runoff water from the ophiolitic rocks, the
remaining runoff water from limestone after infiltration into the karstic aquifer and the
groundwater from the ophiolitic aquifer. Due to the steep slopes of the drainage basin,
the runoff water feeds rapidly the unconfined aquifer which at its southwest part
discharges into the sea. At its northern part the aquifer does not have hydraulic
connection with the karstic aquifer due to its contact with impermeable marl which is a
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normal fault induced boundary as well as at its southeast part where it is also delimited
by Neogene marl which is the impermeable bottom layer.

Fig.14: Piezometric map of the unconfined aquifer of Loutraki basin during pumping
(wet season 2017)
The confined porous aquifer develops in sand conglomerate lenses interlayered by
Neogene marl. The confined aquifer is possibly recharged through its hydraulic
connection with the ophiolitic and the unconfined aquifer (Fig.15), however, the exact
mechanism is not clear.
Finally, the ophiolitic aquifer develops at the northeast part of the basin, within the
secondary porosity of fractured serpentinized ultramafic rock. The thickness of the
ophiolitic aquifer is unknown but it is estimated that its water capacity is limited based
on the observed low flow rate (~5m3/h) of existing springs. The fractured ophiolitic
aquifer feeds the unconfined alluvial aquifer (Fig.16).
In Schinos basin, the geological formations are also grouped into three main categories
according to their type of porosity: (i) karstic aquifer, (ii) porous aquifer and iii) fractured
ophiolitic aquifer. As it is shown in the hydrolithological map (Fig.17), the unconfined
porous aquifer is in the lowlands of the basin and is developed in alluvial deposits and
talus cones formations. The fractured ophiolitic aquifer is located mainly at the northern
18

part of the basin while a karstic aquifer is located mainly at the southeast of the basin.
The hydrogeological characteristics of each aquifer are unknown, however according to
pumping test studies, porous aquifer is shallow with its thickness to range from 2 to
15m. On the other hand, ophiolitic aquifer seem to be the main aquifer in greater
depths (Fig.16). As it is shown it the piezometric map of wet season of 2017 (Fig.18) the
elevation of water level ranges from -0.9 to 10.2m approximately indicating that sea
water intrusion takes place at the south west part of the basin. The main recharge
mechanisms of the shallow unconfined porous aquifer seem to be mainly the direct
infiltration of precipitation water, the infiltration of runoff water and the recharge from
the weathering zone of the ophiolitic aquifer. In greater depths (probably greater than
10m) of the northern part of the basin, the ophiolitic aquifer is developed. The main
recharge of the ophiolitic aquifer takes place from the direct infiltration of precipitation
water due to the secondary porosity, from the downward recharge of porous aquifer
and from the recharge from the karstic aquifer developed in Triassic limestone through
faults and fractures (Fig.17).

Fig.15: Simplified Hydrogeological Conceptual Model of Loutraki confined aquifer
(Katounistra area).
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Karstic
Aquifer

Fig.16: Simplified Hydrogeological Conceptual Model of Schinos basin

Schinos

Fig.17: Hydrolithological map of Schinos case study
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Schinos

Fig.18: Piezometric map of Schinos case study

4.2 Thiva & Assopos (Oinofyta) Case Studies
4.2.1 Area background information
The study area of Thiva (Fig.19) is located at the northern part of Viotikos Kifissos river
basin and at the southern part in the Assopos River basin while Oinofyta case study
(Fig.20) is located at the industrial zone at the eastern part of Assopos river basin.
In Thiva basin, water network is not well developed due to low relief. The main two
streams are Kanavaris and Kalamitis which discharge to lake Iliki. In Thiva basin
groundwater is mainly used for irrigation purposes due to intense agriculture. The
agricultural sector represents one of the most important economic activities of the
region, covering the majority of the total available land surface. Potatoes, carrots,
cotton, grain, and beans are mainly cultivated in the plain area. The use of fertilizers and
pesticides is prolonged and intensive farming methods, such as ploughing and
harvesting, are visible in the whole area.

21

In Assopos basin, the average annual rainfall ranges from 400 mm in Oropos region to
more than 1000 mm at Parnis’s peaks, which is also the natural southern boundary of
the basin. The average annual runoff coefficient from the upper course of Assopos river
basin (mountainous area) for the period 1971-90, amounts to 5.6%, while infiltration
corresponds to 50% of the relative median rainfall or 40 x 106 m 3 (Morfis, 1995).
Industrialization in Assopos region started in the 1960s and currently more than 400
industrial units are operating in the area. Industrial activities include metal finishing and
manufacturing plants. All facilities are obliged to treat their effluents in-house in
appropriate wastewater treatment units, but until recently the treated effluent was
allowed to be discharged underground via disposal in absorption type sinks. Since 2008,
due to the concerns about the quality of groundwater in Assopos area, the underground
disposal of processed wastewater was banned by law. Industries were forced to
modernize their wastewater treatment plants in order to obtain 100% recycling of
treated water.

Fig.19: Google image of the Thiva case study area with sample locations.
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Fig. 20: Google Earth image of the industrial Oinofyta case study area.

4.2.2 Geological Setting
Thiva basin was created during Pliocene due to active extension tectonics with main
faults to have a direction of NW-SE and E-W. The main geological formations in the area
of Thiva basin are 1) Triassic carbonate formations, 2) Middle Triassic-Lower Jurassic
limestone and dolomite ,3) Jurassic limestone , 4) Schist-chert formation with ophiolites
where serpentinized peridotites are the main lithology, 5) Neogene lacustrine
formations consisting of marl, clay, sand and conglomerate alternations and
6)Quaternary deposits consisting of conglomerate and sand alternations with its
thickness ranging from 100 to 250m (Fig.21). The serpentinized ultramafic rocks mainly
crop out in the vicinity of Ypato and Mouriki villages. Limestones of Cenomanian–
Turonian age outcrop north of Iliki lake and have been tectonically emplaced over the
underlying formations (Papanikolaou, 2009). The Quaternary deposits are characterized
by the presence of alluvial deposits that floor most part of Thiva valley whereas
Pliocene–Pleistocene sediments consisting of marls, clays, sandstones and
conglomerates cover the eastern part of the valley.
Assopos basin is mainly covered by Neogene and Quaternary deposits while the
geological background consists mainly of limestone. In Oinofyta area the main geological
formations are 1) Middle Triassic-Lower Jurassic limestone and dolomite, 2) Neogene
formations consisting of marl, clay and sand alternations with its thickness to be
23

approximately 500m and 3) Quaternary fluvial deposits with a thickness of 120m
(Fig.22).

Fig.21: Geological map of Thiva case study area.
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Fig.22 Geological map of Assopos-Oinofyta case study area.

4.2.3 Hydrogeological setting
The main aquifers of Thiva valley are the karstic aquifer of Triassic-Jurassic limestone,
the porous aquifer in Quaternary deposits, the porous aquifer in Neogene formations
and the fractured aquifer of schist-chert formation (Fig.24). The porous aquifer in
Quaternary deposits is unconfined in shallow depths while in greater depths becomes
confined. The geological background at the northern part of the basin, near to Iliki lake
consists of the schist-chert formation with ophiolites. The water level elevation of the
porous unconfined aquifer ranges from 60m to 70m and its main recharge mechanisms
are the direct infiltration of precipitation water, the recharge from the karstic aquifer at
the western part of the basin and the recharge from the fractured aquifer of schist chert
formation on the north-eastern part of the basin (Fig.25).
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In Oinofyta, the aquifer develops in the Neogene formations (Fig.26). According to
existing studies (Giannoulopoulos, 2008) the water level elevation ranges from 80m to
95m and the aquifer has hydraulic connection with Assopos river. In greater depths, the
geological background consists of Jurassic-Triassic limestone where the karstic aquifer
occurs. According to Giannoulopoulos, 2008, the annual renewable water resources
throughout Assopos river basin are approximately 144 x 106 m3. The total annual
infiltration for the middle course of Assopos river basin, is 101 x106 m3 and for the
lower course is 3 x 106 m3. as awhole (Giannoulopoulos, 2008). Overall, the hydraulic
conductivity ranges between 10-7m/s and 10-3 m/s (Dandolos and Zorapas,2010).The
general direction of groundwater flow for the wider area of Oinofyta is shown in Fig. 27.
In the wider area, two main aquifers occur:
1. The upper granular aquifer, within the Neogene and Quaternary deposits.
2. The deeper karstic aquifer, within the carbonate formations of the Triassic - Jurassic
limestones.

Fig.24: Hydrolithological map of Thiva Case Study
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Fig.25: Simplified Hydrogeological Conceptual Model of Thiva basin

Fig.26 Hydrolithological map of Assopos-Oinofyta case study
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Fig.27: Piezometric map of Oinofyta wider area (Giannoulopoulos , 2008)

4.3 Central Euboea Case Study
4.3.1 Area background information
The central Euboea case study (Fig. 28) belongs to the river basin of Messapios river and
covers an area of 228.6km2. The relief is high (from sea water level elevation to 1600m
a.s.l.) and the water network is well developed with two main streams which form
Messapios river in the lowlands of the basin. The main use of groundwater is mainly for
irrigation (agriculture is intense) and livestock purposes. It is noteworthy that there are
outnumbered wells and boreholes in Psachna area and for this reason sea water
intrusion takes place at the coastal zone.
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Fig.28: Central Euboea Case Study area with sample locations

4.3.2 Geological setting
The main geological formations of Central Euboea case study are : 1)Triassic limestone,
2)Jurassic limestone, 3)Schist-chert formation with ophiolites, 4) Ophiolites (mainly
harzburgites and lherzolites) , 5)Upper Cretaceous limestone, 6)Flysch, 7)Neogene
formations consisting of lacustrine deposits (marl, clay, sand and conglomerate
alternations) and 8) alluvial deposits (Fig.29). It is also noteworthy that magnesite
deposits occur as well as Fe-Ni ore deposits at the base of the unconformity of Upper
Cretaceous limestone with the ophiolites. The Ni- laterite deposits in Central Euboea, in
the proximity of the studied area, as well as those in Larymna, Central Greece, are wellknown due to a production level corresponding to approximately 2-3% of the world's
total nickel output.
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Fig.29 Geological map of Central Euboea case study
4.3.3 Hydrogeological setting
The main aquifers of Central Euboea case study are classified into four different types:
a) a shallow unconfined Quaternary porous aquifer (Psachna area) , b) a deep Neogene
porous aquifer, b) a fractured ophiolitic aquifer and d) a deep karstic aquifer in the
Upper Cretaceous limestone (Fig.30).
Ιn the lowlands where Psachna area is located, an unconfined aquifer is developed in
Quaternary sediments with water level elevation ranging from 2m to 21m
approximately (Fig.31). The main direction of groundwater flow is from NE to SW. The
recharge mechanisms are direct infiltration of precipitation, infiltration of runoff water
of Messapios river, recharge from the karstic aquifer both from the eastern and western
part of the Psachna basin where limestone occurs and recharge from the fractured
ophiolitic aquifer from the northern part of the basin (Fig.32). The general direction of
water is from northeast to southwest where the aquifer discharges into the sea. In
greater depths, fractured ophiolitic aquifer occurs. The other porous aquifer is placed in
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Neogene formations, northwest of Psachna, where the geological background is both
limestone and ophiolites where some local springs exist.

Fig.30: Hydrotithological map of Central Euboea Case study
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Fig.31: Piezometric map of Psachna aquifer wet season 2009 (data from Aziz,2014)

Fig.32: Simplified Hydrogeological Conceptual Model of Thiva basin
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5 Climatological background of case study areas
A spatial and temporal analysis has been performed with observational temperature
and precipitation, in order to define and comprehend the climatological background of
case study areas. This analysis will help to provide a concise picture of drought and
flooding events for the present and the future climate.
The observational temperature and precipitation values from meteorological stations of
the National Observatory of Athens (Lagouvardos et al. 2017) are used. The stations are
selected according to their data availability (2007-2016) and their proximity to the case
study areas, i.e., Isthmos (close to Loutraki and Schinos), Chalkida (representing Evia)
and Kaparelli (close to Thiva). Additionally, the E-OBS gridded dataset (Haylock et al.
2008), consisting of high-resolution land only daily gridded data for precipitation and
temperature from 1950 to 2016, is used to explore the spatial distribution of the
parameters.
The statistical analysis is performed on seasonal and annual total precipitation and
mean temperature. Moreover, the long-term drought and extreme precipitation is
assessed with the aid of the SPI index (calculated the SPEI package in R (Vicente-Serrano
et al. 2010)). Here, the SPI6 that assesses the inter seasonal drought variations is
presented.
In Table 1 the total precipitation and the mean temperature for the wet (October to
March) and dry (April to September) period are given, as derived from the
meteorological stations, giving the ground truth for the climatological conditions of the
case areas.
Table 1. Observational total precipitation and Cr(VI) concentrations during the wet and dry period,
respectively, for the CrITERIA project study areas.

Wet period
Total Prec (mm)
Tmean (C)

Dry period
Total Prec (mm)
Tmean (C)

Loutraki

272

13.8

56

23.7

Schinos

272

13.8

56

23.7

Euboea

258

12.3

81

23.4

Thiva

445

11.4

111

22.1

The distribution for annual precipitation (Figure 33), as derived from gridded data,
indicates a prominent decrease in total amounts as we move eastwards, while the
temporal analysis revealed mainly negative trends though not statistically significant
(not shown).
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Thiva
Schinos

Fig. 33. Spatial distribution of annual precipitation (in mm) as suggested by E-OBS
data.
Furthermore, the analysis of the SPI for the wet period (Figure 34), shows a succession
of severely (
) and extremely (
) dry conditions to very (
)
and extremely (
) wet conditions, though most of the examined grid points
display negative trends, which might signify a shift towards drier conditions.
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Fig. 34. 3D Plot showing the SPI for the wet period for selected grid points.
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